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Abstract
Objective To determine whether mobile phone based monitoring
improves asthma control compared with standard paper based monitoring
strategies.
Design Multicentre randomised controlled trial with cost effectiveness
analysis.
Setting UK primary care.
Participants 288 adolescents and adults with poorly controlled asthma
(asthma control questionnaire (ACQ) score ≥1.5) from 32 practices.
Intervention Participants were centrally randomised to twice daily
recording and mobile phone based transmission of symptoms, drug use,
and peak flow with immediate feedback prompting action according to
an agreed plan or paper based monitoring.
Main outcome measures Changes in scores on asthma control
questionnaire and self efficacy (knowledge, attitude, and self efficacy
asthma questionnaire (KASE-AQ)) at six months after randomisation.
Assessment of outcomes was blinded. Analysis was on an intention to
treat basis.
Results There was no significant difference in the change in asthma
control or self efficacy between the two groups (ACQ: mean change
0.75 in mobile group v 0.73 in paper group, mean difference in change
−0.02 (95% confidence interval −0.23 to 0.19); KASE-AQ score: mean
change −4.4 v −2.4, mean difference 2.0 (−0.3 to 4.2)). The numbers of
patients who had acute exacerbations, steroid courses, and unscheduled
consultations were similar in both groups, with similar healthcare costs.
Overall, the mobile phone service was more expensive because of the
expenses of telemonitoring.
Conclusions Mobile technology does not improve asthma control or
increase self efficacy compared with paper based monitoring when both
groups received clinical care to guidelines standards. The mobile
technology was not cost effective.
Trial registration Clinical Trials NCT00512837.
Introduction
Globally, an estimated 300 million people have asthma,
presenting a considerable and increasing burden of disease to
healthcaresystems,families,andpatients.
1Despitetwodecades
of asthma guidelines,
2 asthma remains poorly controlled in a
substantial proportion of people.
3 Structured asthma
management—which in the United Kingdom is predominantly
delivered in primary care
4—can improve outcomes in terms of
exacerbations,admissionstohospital,anddayslostfromschool
andwork.
5Theconceptofsupportedselfmanagement,engaging
both clinicians and patients in delivering and implementing
regular monitoring of control and adjustment of treatment, is a
keyrecommendationofnationalandinternationalguidelines.
6 7
The theoretical model developed by Glasziou and colleagues,
usingasthmaasanexemplar,describesthecomplementaryand
evolving roles of periodic support from professionals and
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Research
RESEARCHongoing self monitoring by patients.
8 Our recent qualitative
studysuggeststhatpeoplewithasthmaperceivearoleformobile
technology in aiding transition from clinician supported phases
while control is gained to effective self management during
maintenance phases.
9
Poor adherence to monitoring and drugs is a potentially
modifiablefactorassociatedwithpoorcontrol.
10Incontrastwith
paperdiarymonitoring,inwhichasfewas6%ofreadingsmight
be recorded,
11 trials with electronic recording devices have
shown rates of compliance of over 60%,
12 especially if the
patient is aware that their health behaviour is being observed.
13
Timely feedback of results to the patient can objectively show
severity of symptoms and the impact of compliance with drug
treatment. Mobile phones, the most pervasive and accessible
formoftechnologyglobally,
14offerahighlyconvenientsystem
for self monitoring coupled with instantaneous feedback,
potentially engaging the patient in the monitoring and
management of their asthma.
Set within the Medical Research Council’s framework for the
design and evaluation of complex interventions,
15 16 our phase
III trial was underpinned by preliminary work that suggested
that mobile phone based self monitoring of asthma care was
feasible to deliver and acceptable to both patients and
clinicians.
9 12 17 We hypothesised that, in adolescents and adults
with poorly controlled asthma offered treatment according to
the British Thoracic Society/Scottish Intercollegiate Guideline
Network (BTS-SIGN) asthma guideline,
6 the use of mobile
phone based monitoring of lung function and symptoms with
feedback to patients would improve both control of asthma and
patient self efficacy at six months compared with paper based
monitoring strategies.
Methods
Our multicentre, investigator blinded randomised controlled
trial was conducted in UK primary care in 2008-9. A detailed
protocolhasbeenpublishedelsewhere
18;wemadenoimportant
changes to our methods during the trial.
Practice recruitment
The primary care research networks in Norfolk and Yarmouth,
East Kent, North of England, and Essex and Hertfordshire
identified and recruited practices.
Participants
We recruited patients aged 12 and over who were registered
with participating practices, had poorly controlled asthma
(definedasscore≥1.5onasthmacontrolquestionnaire(ACQ)
19),
and had, or were willing to borrow, a compatible mobile phone
handsetandacontractwithacompatiblenetwork.Weexcluded
peoplewhohadotherlungdisease,wereunabletocommunicate
in English, or were receiving specialist care for severe/difficult
asthma, and those whose general practitioner advised against
inclusion for major social/clinical problems.
Recruitment of patients
Wesearchedpracticecomputerdatabasestoidentifypotentially
eligible patients. After the GP had screened the computer lists,
we sent postal invitations to all eligible patients, with up to one
written reminder.
One researcher (SDM or SM) prescreened respondents by
telephone to determine whether they fulfilled the criterion of
poorly controlled asthma and whether they had a contract with
a compatible mobile phone network and a compatible handset.
Patients with an incompatible handset but who subscribed to a
compatible network were offered the opportunity of borrowing
a handset for the duration of the trial.
Potential participants attended a baseline assessment visit in
their general practice at which they were provided with further
information about the trial, eligibility was confirmed with the
sevenquestionversionoftheACQ(whichincludesFEV1(forced
expiratoryvolumeinonesecond)inadditiontothesixquestions
described below as a primary outcome measure), and written
consent was obtained. All consenting patients who met the
eligibility criteria were enrolled into the trial.
Primary outcome measures
Asthma control questionnaire (ACQ)—The primary outcome
measure was the change in asthma control between baseline
and six months as measured by ACQ (six question version).
20 21
The ACQ measures clinical goals of asthma management on a
scale of 0 (good control) to 6 (poor control), is responsive to
change,
20 and has a minimum important difference within
individuals of 0.5.
22 Postal administration gives comparable
results with supervised completion.
23
Knowledge, attitude, and self efficacy asthma questionnaire
(KASE-AQ)—Self efficacy was measured as the change in
KASE-AQ between the intervention and control groups at six
months. The KASE-AQ has three independently scored
subscales of 20 items of which we used two: “self efficacy,”
which measures perceived ability to control asthma, and
“attitude to asthma.”
24 Scores range from 20 (minimum score)
to 100 and are responsive to change.
25 We omitted the outdated
knowledge subscale.
Secondary outcome measures
Full details of the secondary outcome measures of interest are
in the published protocol.
15 Briefly, we included:
• Mini-asthma quality of life questionnaire (mini-AQLQ):
score from 1 (greatest impairment) to 7, with a minimum
important difference of 0.5
26
• Adverse occurrences obtained from the practice records,
includingadmissionsforexacerbationsofasthma(defined
as acute deteriorations of asthma for which the patient
soughtmedicaladvice),prescribedcoursesoforalsteroids,
and unscheduled consultations
• Prescriptions of asthma drugs recorded in the patients’
healthcare record
• Modified patient enablement instrument (mPEI): scale of
0 to 12 (most enabled)
27
• Engagementwithprocess(proportionofpatientsdefaulting
from clinical follow-up).
Baseline assessment
We undertook a baseline assessment comprising history of
asthma, current smoking status, presence of comorbidity, and
FEV1 with a Piko meter (nSpire Health, Enfield, UK). The use
of the Piko meter to record peak flows was demonstrated and
a meter given to the patient for use throughout the trial. The
ACQ, KASE-AQ, mini-AQLQ, and mPEI questionnaires were
self completed under supervision.
Randomisation and protection against bias
All consenting participants were stratified by practice and
centrallyrandomised(HealthServicesResearchUnit,University
of Aberdeen) to mobile phone or paper based monitoring with
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RESEARCHa 1:1 allocation with random block sizes of two or four;
telephonerandomisationensuredconcealmentuntilthetreatment
was assigned. The practice nurse informed the patient of
allocation to ensure the researchers were blinded to allocation
throughout data collection and analysis.
Mobile phone monitoring
Thepracticenurseforwardedcontactdetailsofpatientsallocated
to the intervention (mobile) group to OBS Medical (Abingdon,
UK), who contacted the patient at a time convenient to them
(normallywithinaweek),downloadedthet+Asthmaapplication
(fig 1⇓) onto their (or a loaned) phone, tested its functionality,
trained the patient in its use, provided details of web access,
and followed up with a technical support call after one week of
use.
The t+ Asthma application enabled twice daily recording and
transmission of symptoms, drug use, and peak flow. The mean
of the five best peak flow values in the first 50 readings (after
discarding the lowest five and highest five readings, which
preliminary work suggested were often outliers
28) was taken to
be the target peak flow value (100%) and used to define the
80% and 60% thresholds for a traffic light display. As new data
were generated, the target peak flow value was adjusted to the
meanofthefivebestpeakflowvalues(afterdiscardingoutliers)
in the most recent 50 readings. The recorded peak flow was
displayed within the traffic light zones and the patient was
prompted to follow their agreed action plan (fig 1⇓). Incursion
intotheredoramberzonestriggeredcontactbyanasthmanurse
from OBS Medical on the next working day. Appendix 1on
bmj.com gives the protocol for these support calls. Both the
patient and their clinician were able to access the patient data
record via a password protected website.
Paper based monitoring
Patientsinthecontrol(paper)groupwereaskedtokeepapaper
diary, recording the same data as the intervention group
(symptoms, drug use, and peak flow readings) twice daily.
Clinical care in both groups
To ensure that our trial specifically tested the impact of the
technology, we opted to provide the paper group with the same
clinical care as the intervention group, rather than using
(probably less intensive) usual care as a comparator. Before
randomisation, the practice asthma nurse delivered a 30 minute
standardised education session encompassing information on
asthma, asthma treatment, inhaler technique, monitoring, and
a personalised asthma action plan based on both symptoms and
peak flows completed in accordance with the advice of the
BTS-SIGN asthma guideline. Instruction on mobile or paper
monitoring was provided after randomisation according to
allocation.
Throughoutthetrialthepractices’asthmanurseprovidedclinical
care in accordance with the stepwise approach advocated by
the BTS-SIGN asthma guideline.
6 Patients were reviewed
monthly (including the option of telephone reviews according
to preference and clinical condition) until the nurse judged that
control was achieved on the basis of clinical monitoring.
Recognition of control in the context of a clinical review was
discussed during the training.
29 When control was attained, the
patient was discharged from monthly follow-up but was
encouraged to continue monitoring on a maintenance basis,
seeking professional advice if needed.
Data collection
A researcher blinded to allocation collected primary outcome
data at the final trial visit; non-attendees were sent the
questionnaires by post. Interim data were collected by postal
questionnaires at three months. The practice asthma nurses
recorded the duration of each review at the end of the
consultation and noted whether the patient’s asthma was now
controlled and whether a further appointment was needed. The
researcher extracted data on adverse events (including
admissions, unscheduled asthma consultations), asthma
treatment categorised by BTS-SIGN guideline step,
6 and use of
healthcare resources over the six month trial period from the
primary care records at baseline and at the end of the trial.
Questionnaire data were scanned on the trial database. Data
from records and other trial data were entered manually.
Sample size calculations
Using an estimated standard deviation of change in ACQ score
of 0.25,
19 we estimated that a sample size of 125 per arm would
have90%powerwithatwosided5%significanceleveltodetect
a difference in mean change in ACQ score of 0.1 or more
between groups. With a standard deviation of 13.3,
25 a sample
size of 39 in each arm would have 90% power with a two sided
5% significance level to detect a mean difference in mean
KASE-AQ (self efficacy scale) score of 10 or more between
groups.
Data analysis
Our main analysis was on an intention to treat (ITT) basis. We
assumed that participants who did not attend the three or six
month assessment had not improved their control and their
previousresultswerethereforecarriedforward.
30Aperprotocol
analysis was undertaken as a sensitivity analysis.
At baseline we described groups in terms of sociodemographic
factors, history of asthma, ACQ, mini-AQLQ, KASE-AQ, and
mPEI scores. We compared prespecified changes between
groups from baseline in outcome measures using appropriate
univariate techniques (t test, Mann-Whitney test). We used
repeated measures analysis of variance, adjusted for age and
sex, to examine trends over time in ACQ, mini-AQLQ,
KASE-AQ, and mPEI scores both between and within groups.
All two way interactions between outcome and age and sex
were examined.
We compared the proportion of participants whose ACQ and
mini-AQLQscorehadimprovedbymorethan0.5(theminimum
importantdifference),
31theproportioninwhomasthmaremained
poorly controlled (ACQ >1.5
19), and the proportion whose
asthma was “well controlled” (ACQ <0.75
19) at six months.
We assessed costs from the perspective of the NHS. The total
cost of the monitoring service for a projected maximum of 156
participantswasallocatedtoeachparticipantwiththeestimated
reimbursed transmission costs. Costs were estimated by using
unit costs obtained from standard sources
32-34 (see table A in
appendix 2 on bmj.com for details). We used t tests to compare
costs between groups.
Allanalyseswereagreedapriori.Wedidnotplan,orundertake,
any interim analysis.
Results
Recruitment
Figure 2 shows the flow of patients through the trial⇓. From 32
practices (total list size 311 926) computer searches identified
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RESEARCHa potentially eligible population of 13 101 (mean (SD) age 48.2
(17.9): 63% female), of whom 1020 were excluded by their
practice. A total of 12 081 postal invitations were issued: 1016
people (8.4%) expressed an interest in participating and were
prescreened for eligibility (poor control and compatible mobile
phone and network). The 393 potentially eligible patients were
invitedtoattendthebaselineassessmentand288gaveinformed
consent andwere randomised:145tothe mobilegroup and143
tothepapergroup.TenpeoplehadmissingorincompleteACQ
scores at baseline and were excluded after randomisation,
leaving 139 patients in each group for the intention to treat
analysis.
Baseline characteristics
Demographic characteristics of participants, FEV1, smoking
status, current asthma treatment, and baseline questionnaire
scores were similar in both groups (table 1⇓). Patients who did
notcompletethefinalquestionnaireswereolder(51.7(SD17.7)
v40.7(SD17.3);P<0.001)thanpatientswhocontributedtothe
final data collection, with no sex difference.
Primary outcomes
Asthma control—There was no significant difference in the
changeinasthmacontrolinthetwogroups(ACQ:meanchange
0.75 in mobile group v 0.73 in paper group, mean difference in
change −0.02 (95% confidence interval −0.23 to 0.19) (table
2⇓). Figure 3 shows changes over time⇓. Over half the patients
in both groups improved by more than the minimum important
difference (table 3⇓). At six months, 29/139 (21%) of
participants in the mobile group and 31/139 (22%) of the paper
group had achieved the “well controlled” threshold of ACQ
≤0.75.
19 Similarly, 69/139 (50%) of participants in the mobile
group and 67/139 (48%) of the paper group still scored above
the “poorly controlled” threshold of ACQ ≥1.50.
19
Selfefficacy—Theintentiontotreatanalysisfoundnosignificant
differencebetweenthegroupsinchangeintheselfefficacyand
attitude scales of the KASE-AQ (table 2⇓).
Secondary outcomes
Asthma related quality of life—Similarly, the intention to treat
analysis showed no significant difference between the groups
inchangeinmini-AQLQscore(table2⇓),thoughmorepatients
in the mobile group improved their quality of life by more than
theminimumimportantdifferencethaninthepapergroup(table
3⇓).
Enablement—Theintentiontotreatanalysisfoundnosignificant
difference between the groups in change in the mPEI scores
(table 2⇓).
Per protocol sensitivity analysis
The per protocol analysis included only data from participants
whohadcompleteinformationforeachrespectivequestionnaire
at all time points. The results of this sensitivity analysis
confirmed the findings of the intention to treat analysis (see
table B in appendix 2 on bmj.com).
Attendance for reviews, change in treatment,
and unscheduled healthcare
In both groups the median number of asthma consultations was
two, with 37% of the patients in both groups attending only the
baselineandonefollow-upappointment(table4⇓).Mostpatients
in both groups had increased treatment with asthma drugs
according to the BTS-SIGN treatment steps (82 (59%) in the
mobile group and 74 (55%) in the paper group), and the nine
patients not treated according to BTS-SIGN steps at baseline
were receiving a recommended treatment schedule by the end
ofthetrial(fig4⇓).Therewasnosignificantdifferencebetween
the groups in the number of acute attacks, steroid courses
prescribed,unscheduledGPornurseconsultations,outofhours
visits, attendances at emergency department, or admissions
(table 5⇓).
Trends over time
Analysis of the repeat values over the three time points of the
trial is shown in table C in appendix 2 on bmj.com. There was
no significant difference in the improvement over time in any
of the outcome measures.
Cost of the monitoring services
Table6givesdetailsofthecosttothehealthserviceofproviding
the two monitoring services⇓. The only significant cost
difference between the two groups was in relation to the
telemonitoring service (about £69 (€83, $108) per patient). The
mean cost of providing respiratory care (including the nurse
monitoring reviews) was £246 (SD £226) in the mobile group
compared with £245 (SD £201) in the paper group (mean
difference −£1.26 (−£51.47 to £48.95).
Discussion
Summary of main findings
The use of mobile phone technology did not significantly
improve clinical outcomes, or increase self efficacy, compared
with paper based monitoring when delivered in the context of
guideline standard clinical care for the management of asthma.
Healthcare costs were similar in both groups, with the
telemonitoring expenses being an additional cost in the mobile
group.
Strengths and limitations
Weexceededourestimatedsamplesizefortheintentiontotreat
analysis, though not for the per protocol sensitivity analysis.
The results, however, are consistent, and it is unlikely that a
smaller attrition rate would alter our conclusions. Our a priori
basis of carrying the previous result forward
18 assumes that
non-responders did not improve their control, which probably
underestimates the degree of change in both groups.
The low recruitment rate (2.4% of those invited) reflects both
the low response rate (8.4% of those invited) and our
requirement that participants should have poorly controlled
asthmaandacompatiblemobilephonesystem.Aslightlyhigher
proportion of the participants was female, compared with the
potentially eligible population. The 10 patients excluded after
randomisation because of missing baseline ACQ scores were
distributed between the two arms (four in the mobile group, six
in the paper group), and were recruited from eight different
practices, reducing the risk that this introduced important bias.
Our multicentre trial was conducted in primary care, the setting
for most asthma care in the UK, and included both an intention
to treat analysis and a per protocol sensitivity analysis. We built
onextensiveformativework,whichunderpinnedthehypothesis
and informed the practical design of the intervention and the
outcomes measured.
9 12 17 23 Although the patients and nurses
were clearly aware of the mode of monitoring that they were
using, our trial procedures ensured that the researchers who
undertookdatacollectionandthetrialstatisticianswereblinded
to allocation (for example, randomisation was undertaken by
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RESEARCHthe practice nurses, technical issues were dealt with by OBS
Medical,patientswereinstructednottorevealallocation,inthe
event of an inadvertent breach a second researcher attended the
practice for subsequent data collection).
Interpretation with reference to other research
Our findings exemplify the challenges of evaluating complex
eHealth interventions
35 and the concern that potential benefits
have thus far tended not to be substantiated by subsequent
empirical evidence.
36 Some studies using mobile phones
37 and
internet based monitoring have shown benefit in adults
38 39 and
children
40 when compared with “usual care.” Usual care,
however, is likely to be considerably less intensive than that
experiencedbyinterventiongroups,sothatitisoftenimpossible
to determine whether the observed benefits in these trials were
because of the enhanced clinical care or the technological
intervention.Toovercomethis,weprovidedthesamestructured
clinicalandeducationalinterventioninbothgroupsandshowed
that when the only difference is the mode of monitoring and
associatedfeedback,thelinkwithmobilephonetechnologyhad
no significant effect.
Our hypothesis, building on formative work,
9 12 13 17 was
predicated on the theory that using a mobile phone to monitor
and receive instantaneous feedback on their asthma control
wouldhelppatientstointegratemanagementintoeverydaylife,
engage them more fully in their care, and thus potentially
improve asthma control. Patients in both groups, however,
attended a similar number of monthly clinical reviews,
suggesting that the mobile phone monitoring did not improve
compliance with care. Similarly, most patients in both groups
stepped up their treatment during the course of the trial.
Participationinthetrialprobablyresultedingreaterengagement
of patients and asthma nurses in both groups with “guideline
standard care” (as opposed to “usual care”), potentially
contributing to the improvement we observed in both groups.
Spontaneous improvement over the timescale of the trial is
another plausible explanation.
Despite the significant improvements in ACQ score in both
groups,onlyaboutafifthachievedthewellcontrolledthreshold
of ACQ=0.75. While it has been shown that even better control
canbeachievedintrialswithmaximaldosesofdrugsinselected
patientswithasthma,
41thedegreeofimprovementweobserved
isofthesameorderasthatshownin“reallife”trials,
42inwhich
adherence is variable and comorbidity is common. To increase
generalisability, we did not exclude smokers so some overlap
with chronic obstructive pulmonary disease is possible.
The cost of the t+ asthma service was additional to the health
service costs, which were otherwise similar in both groups,
makingitthemoreexpensiveoption.Thismightnotextrapolate
directly to normal clinical practice where, for example,
economies of scale in a regional service could reduce the cost
perpatient.Inaddition,manyotherfactorswillaffectbothcosts
and benefits. Technological advances, such as smart phone
applications,willincreasefunctionalityandwidespreadadoption
mightdrivedowncosts.Aspartofthecommercialarrangement
with OBS Medical additional clinical support was available to
the mobile group from the t+ asthma nurse, though its
contribution is unclear as it was not a closely monitored
component of the trial.
A recent systematic review concluded that telehealthcare in
asthma could have a role in reducing hospital admissions in
high risk patients and in those with severe disease,
43 and some
studieshavesuggestedthatthosewithpoorlycontrolledasthma
might be more ready to comply with novel monitoring
44 or take
regular drug treatment
45 than those with already well controlled
asthma. Our trial, which recruited people with poorer control
and lower baseline spirometry results than other trials,
38 39 did
not find a beneficial effect in this group.
Conclusions and implications
Inpeoplewithpoorlycontrolledasthma,themobilephonebased
model of monitoring did not offer any advantages over and
abovepaperbasedcarewhenguidelinestandardclinicalsupport
services were provided to both groups. While mobile phone
technology will appeal to some people,
17 18 it is not the crucial
ingredientandcarriescostimplications.Itsplaceinclinicalcare
might depend on whether it is a cost effective option for
enhancing “usual care” to the standards recommended by
guidelines.
46 Policymakers internationally should consider the
findingsfromthismulticentretrialwhenconsideringthemerits
ofinvestmentinmodelsofasthmacarebasedontelehealthcare.
We thank the officers of the primary care research networks for
supporting practice recruitment, the practices, practice nurses, and
administrative staff for their active participation, and the patients who
gave their time to participate in the trial. We thank Andrew Wilson and
Neil Kendle for serving on the ITSC and Brian McKinstry and Chris
Burton who offered advice as collaborators.
Contributors: DR initiated the idea for the study and with HP led the
development of the protocol, securing of funding, study administration,
data analysis, interpretation of results, and writing of the paper. DP, AS,
CP, and LT were grantholders who contributed to development of the
protocol and securing of funding. DP, AS, and CP also contributed to
study administration, data analysis, interpretation of results, and writing
of the paper. LT contributed to interpretation of results and writing of
the paper. SDM and SM undertook the data collection. AJL and DA
were the trial statisticians. All authors had full access to all the data and
were involved in interpretation of the data. DR and HP wrote the initial
draft of the paper, to which all the authors contributed. DR and HP are
study guarantors.
Funding: This study was funded by Asthma UK (project ID 07/047). Piko
peak flow meters were donated by nSpire Health. HP is supported by
a primary care research career award from the chief scientist’s office
of the Scottish Government.
Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf (available on
request from the corresponding author) and declare: DR has spoken
on behalf of AstraZeneca, Nycomed, MSD, AlkAbello,Chiesi, Novartis,
Pfizer and BoehringerIingelheim. He has undertaken advisory work for
Astra Zeneca, MSD, Novartis, Uriach, Mundipharma, Orion, and Napp.
DP has consultant arrangements with Boehringer Ingelheim,
GlaxoSmithKline, Merck, Mundipharma, Novartis, and Teva. In the past
five years, he or his research team have received grants and support
for research in respiratory disease from UK National Health Service,
Aerocrine, AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Merck,
Mundipharma, Novartis, Nycomed, Pfizer, and Teva. He has spoken
for AstraZeneca, Boehringer Ingelheim, Chiesi, GlaxoSmithKline, Merck,
Mundipharma, Pfizer, and Teva. He has shares in AKL, which produces
phytopharmaceuticals. He is the sole owner of Research in Real Life.
SDM has received institutional grant support from Merck and Co, AKL
Technologies,Chiesi,andMundipharmaASservesonWHO’smHealth
and Information Technology for Patient Safety Expert Working Groups
and is an adviser to NHS Connecting for Health’s Evaluation Programme.
He is a consultant to ALK and Phadia and has received support from
Napp, Pfizer, and Chiesi for research advice. LT is a cofounder of,
advisor to, and holds shares in OBS Medical. He contributed to the
design of t+ asthma and of the trial, but had no role in the day-to-day
conduct of the study or statistical analysis. His work on telehealthcare
is funded by the NIHR Biomedical Research Centre Programme. HP
No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe
BMJ 2012;344:e1756 doi: 10.1136/bmj.e1756 (Published 23 March 2012) Page 5 of 15
RESEARCHWhat is already known on this topic
Mobile phones offer a highly convenient system for self monitoring coupled with instantaneous feedback, potentially engaging patients
in the monitoring and self management of their asthma
Some interventions using mobile phones in asthma care have shown benefit compared with “usual care,” but it is often impossible to
determine whether the observed benefits were because of the mobile phone intervention or the associated enhanced clinical care
What this study adds
The mobile phone based model of monitoring did not offer any clinical advantages over and above paper based care when guideline
standard clinical support services were provided to both groups
Clinically relevant improvements were seen in both groups, suggesting that the telemonitoring was not the crucial ingredient in improving
outcomes
The mobile phone based model of asthma care was more expensive than paper based model
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RESEARCHTables
Table 1| Baseline characteristics of people with asthma allocated to mobile phone or paper based monitoring. Figures are numbers
(percentages) unless stated otherwise
Paper (n=143) Mobile (n=145)
51.5 (17.7) 46.6 (18.0) Mean (SD) age (years)
84 (59) 96 (66) Female
142 (99) 141 (97) White ethnicity
80.8 (65.3-94.9) 83.1 (71.0-96.6) Median (IQR) FEV1 percentage predicted*
Smoking status†
72 (50) 70 (49) Never smoked
54 (38) 55 (38) Ex-smoker
16 (11) 19 (13) Current smoker
Treatment step:
7 (5) 8 (6) Step 0: no current drugs
33 (24) 41 (29) Step 1: short acting β2 agonist
41 (30) 47 (33) Step 2: inhaled steroid
53 (39) 42 (30) Step 3: long acting β2 agonist or leukotriene receptor antagonist
3 (2) 4 (3) Step 4: high dose steroids or additional treatment
6 (4) 3 (2) Treatment not in line with guideline treatment steps
Mean (SD) score on questionnaires:
2.29 (0.77) 2.32 (0.73) ACQ
78.0 (10.5) 77.4 (9.5) KASE-AQ (self efficacy domain)
79.4 (7.2) 80.0 (7.4) KASE-AQ (attitude domain)
4.34 (1.08) 4.25 (0.91) mini-AQLQ
6.93 (3.78) 5.83 (3.67) mPEI
IQR=interquartile range; ACQ=asthma control questionnaire; KASE-AQ=knowledge, attitude, and self efficacy asthma questionnaire; AQLQ=asthma quality of life
questionnaire; mPEI=modified patient enablement instrument.
*Available for 142 in mobile group and 140 in paper group.
†Available for 144 in mobile group and 142 in paper group.
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RESEARCHTable 2| Intention to treat analysis of asthma control and self efficacy in people with asthma randomised to mobile phone or paper based
monitoring
Mean difference of
mean change (95%
CI) Mean change (95% CI)
Mean (SD)
No in group 6 months Baseline
Primary outcomes
ACQ:
−0.02 (−0.23 to 0.19) 0.75 (0.61 to 0.89) 1.57 (0.99) 2.32 (0.73) 139 Mobile
0.73 (0.57 to 0.89) 1.56 (1.09) 2.29 (0.77) 139 Paper
KASE-AQ (self efficacy scale):
2.0 (−0.3 to 4.2) −4.4 (−6.1 to −2.7) 81.8 (11.1) 77.4 (9.5) 110 Mobile
−2.4 (−3.9 to −0.9) 80.4 (11.5) 78.0 (10.5) 121 Paper
KASE-AQ (attitude scale):
−0.2 (−1.6 to 1.6) −1.7 (−2.9 to −0.6) 81.8 (9.5) 80.0 (7.4) 118 Mobile
−1.8 (−2.9 to −0.6) 81.2 (8.6) 79.4 (7.2) 122 Paper
Questionnaire based secondary outcomes
mini-AQLQ:
0.10 (−0.16 to 0.34) −0.75 (−0.94 to −0.57) 5.0 (1.32) 4.25 (0.91) 97 Mobile
−0.65 (−0.84 to −0.46) 4.99 (1.34) 4.34 (1.08) 104 Paper
mPEI:
1.19 (0.26 to 2.11) −0.96 (−1.62 to −0.31) 6.79 (4.0) 5.83 (3.67) 136 Mobile
0.22 (−0.44 to 0.88) 6.71 (3.92) 6.93 (3.78) 35 Paper
ACQ=asthma control questionnaire; KASE-AQ=knowledge, attitude, and self efficacy asthma questionnaire; AQLQ=asthma quality of life questionnaire; mPEI=modified
patient enablement instrument.
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RESEARCHTable 3| Proportion of people with asthma whose ACQ and mini-AQLQ score improved by more than minimum important difference (MID)
at six months according to randomisation to mobile phone or paper based monitoring
Between group P value
Deterioration Improvement
No in group ≥MID <MID <MID ≥MID
ACQ
0.78 6 (4) 6 (4) 44 (32) 83 (60) 139 Mobile
10 (7) 6 (4) 44 (32) 79 (57) 139 Paper
mini-AQLQ
0.03 4 (7) 4 (7) 3 (6) 43 (80) 97 Mobile
7 (10) 5 (8) 16 (24) 39 (58) 104 Paper
ACQ=asthma control questionnaire; AQLQ=asthma quality of life questionnaire.
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RESEARCHTable 4| Use of healthcare resources during follow-up in people with asthma allocated to mobile phone or paper based monitoring
Paper (n=141) Mobile (n=140)
2.7 (1.3) 2.4 (1.2) Mean (SD) asthma consultations during trial*
No attending follow-up consultations:
27 (19%) 37 (26%) Baseline clinical consultation only
51 52 Baseline + 1 follow up
28 28 Baseline + 2 follow-ups
16 13 Baseline + 3 follow-ups
9 3 Baseline + 4 follow-ups
10 5 Baseline + 5 follow-ups
0 0 Baseline + 6 follow-ups
241 184 Total No of follow-up consultations
Mode of consultation:
231 173 Face to face
10 11 Telephone
No who changed BTS-SIGN treatment step:
74 (55%) 82 (59%) Stepped up
50 (35%) 50 (36%) Step unchanged
13 (9%) 11 (8%) Stepped down
6 (4%) 3 (2%) Brought into line with guideline treatment steps†
*Mean difference 0.3 (95% confidence interval −0.03 to 0.6), P=0.07.
†P=0.46.
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RESEARCHTable 5| Details of unscheduled care and acute exacerbations during follow-up in people with asthma allocated to mobile phone or paper
based monitoring
P value Paper n=141 Mobile n=140
Consultations with GP for asthma:
— 85 108 Total No of consultations
— 41 (29) 51 (36) No (%) with at least one
0.19 0 (0-1) 0 (0-1) Median (IQR)
Unscheduled general practice nurse consultations:
— 109 86 Total No of consultations
— 62 (44) 45 (32) No (%) with at least one
0.07 0 (0-1) 0 (0-1) Median (IQR)
Out of hours attendances:
— 5 3 Total No of attendances
— 5 (4) 3 (2) No (%) with at least one
0.70 0 (0-0) 0 (0-0) Median (IQR)
Emergency department attendances:
— 0 3 Total No of attendances
— 0 3 (2) No (%) with at least one
0.08 0 (0-0) 0 (0-0) Median (IQR)
Admissions for asthma:
— 1 3 Total No of admissions
— 1 (1) 3 (2) No (%) with at least one
0.32 0 (0-0) 0 (0-0) Median (IQR)
Acute exacerbations:
— 70 74 Total No of exacerbations
— 45 (32) 43 (31) No (%) with at least one
0.84 0 (0-1) 0 (0-1) Median (IQR)
Steroid courses:
— 43 39 Total No of steroid courses
— 30 (21) 28 (20) No (%) with at least one
0.79 0 (0-0) 0 (0-0) Median (IQR)
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RESEARCHTable 6| Mean (SD) costs of service provision (rounded to nearest £) for mobile phone (telemonitoring) or paper based monitoring (control)
P value Mean difference (95% CI) Control (n=141) Telemonitoring (n=140)
0.006 −70 (−121 to −20) 245 (201) 315 (226) Total healthcare costs
<0.001 −66 (−69 to −64) 28 (12) 94 (12) Total cost of delivering trial interventions according to allocation
0.07 3 (0 to 6) 28 (12) 25 (12) Trial nursing costs
— — 0 69 Telemonitoring service costs
0.39 −12 (−40 to 16) 41 (87) 53 (143) Total cost of healthcare provision (excluding trial interventions)
0.30 −6 (−16 to 5) 21 (42) 26 (47) GP respiratory consultations
0.26 2 (−1 to 4) 8 (12) 6 (12) Practice nurse respiratory consultations
0.51 −7 (−29 to 14) 11 (56) 18 (116) Secondary care costs (outpatient and admissions)
0.61 −1 (−4 to 3) 2 (13) 3 (17) Emergency services (including emergency department, out of hours)
0.53 11 (−23 to 45) 178 (152) 167 (136) Total cost of prescriptions for respiratory drugs
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RESEARCHFigures
Fig 1 Mobile phone monitoring system. t+ Asthma application, running on web enabled handset, allowed patient to record
symptoms, drug use, and peak flow from Piko meter. Automated display plotted peak flow as normal (≥80% green zone),
in need of attention (60-79% amber zone), or in need of urgent action (<60% red zone) and prompted patients to follow
their agreed action plan. Incursion into red or amber zones also triggered contact by t+ Asthma nurse from OBS Medical
on next working day to ascertain what had happened and what learning points had arisen. Data were automatically transmitted
to secure website on remote server hosted by OBS Medical, every time application was used by patient. Patient and clinician
were able to access patient data record via password protected website, which also provided general information about
asthma
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RESEARCHFig 2 Flow of patients through trial of mobile phone and paper based monitoring of asthma control (ACQ=asthma control
questionnaire; KASE-AQ= knowledge, attitude, and self efficacy asthma questionnaire; COPD=chronic obstructive pulmonary
disease; ITT=intention to treat)
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RESEARCHFig 3 Mean ACQ scores adjusted for age and sex at different time points in people with asthma according to allocated
method of monitoring
Fig 4 Change in BTS-SIGN step from baseline to six months in people with asthma according to allocated method of
monitoring
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RESEARCH